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l. SUMVARY

On March 7, 1990, The National Institute for Cccupational Safety and Heal th
(NICsH) received a technical assistance request fromthe Hawaii State Health
Departnent. The heal th departnent requested assistance in characterizing air
contam nants formed when lava flow from Hawaii's Kilauea vol cano vaporizes sea
water. The potential for both public and occupational exposures to the |ava
and sea water enissions (LAZE) created health concerns. On March 13-19, 1990,
NI OSH i nvestigators conducted an environnental survey to characterize air
contam nants formed by the |ava and sea water. Air sanples were collected for
respirabl e dust, respirable crystalline silica and other nineral conpounds,
fibers, trace netals, acids, and organic and inorgani c gases.

Difficult terrain, active lava flows, and varying wi nd patterns influenced
sanpling activities. A r sanples were collected during four days of sanpling;
sanpl es were collected within visible plunes of LAZE on March 13, 14, and 18,
1990. This LAZE contained quantifiable concentrations of hydrochloric acid
(HA) and hydrofluoric acid (HF); HO was predom nate. HO and HF
concentrations were highest in dense plunmes of LAZE within approximtely 12
yards of the sea. The HO concentrations at this sanpling |ocation averaged
7.1 parts per million parts air (ppnm) exceeding the occupational exposure
criteria of the Qccupational Safety and Health Administration (OSHA), the
Anerican Conference of Governmental Industrial Hygienists (ACAdH) and the
National Institute for Occupational Safety and Health (NIGSH): 5 ppm HF
concentrations were <1 ppm bel ow existing occupational exposure standards;

al t hough, HF exposures woul d produce additive effects in conbination with HO .
HC and HF concentrations decreased with distance fromthe source and, at

di stances of approxinmately 400 yards or greater, HCO concentrations were |ess
than | ppmand HF concentrations were bel ow detectable limts.

Sul fur dioxide (SO,) was detected in one of four short-termindicator tube
sanpl es at approxinmately 1.5 ppm denonstrating the potential for intermttent
SO, exposure near areas of volcanic activity and active lava flow. Short-term
indicator tubes collected in the LAZE plunme were bel ow detectable linmts for
ot her gases including: amonia, carbon disulfide, carbon nonoxide, chlorine,
hydrofluoric acid, hydrogen sulfide, nitrogen dioxide, and sulfuric acid. The
LAZE did not contain detectable concentrations of organic gases.

Airborne particulates in the LAZE plunme were conprised |argely of chloride
salts (predom nantly sodiumchloride). Crystalline silica concentrations from
ai rborne respirabl e dust sanples were bel ow detectable limits, < approximtely
0.03 ng/nt. Airborne fibers were detected at quantifiable | evels in one of 1i
sanpl es at a concentration of 0.16 fibers per cubic centineter (f/cc). These
fibers were conprised largely of a hydrated calciumsulfate simlar to the

m neral gypsum G ass fibers were also detected in some air sanples. These

fiber concentrations did not exceed the occupati onal exposure criteria of
OSHA, ACG H, or NI OSH for gypsumor fibrous glass dust.

Based on these sanpling results, individuals should avoid exposure
to concentrated plunes of LAZE near its origin to prevent
overexposure to I norganic acids, specifically HO. Individuals

wi th cardi opul nonary conditions may be at increased risk and
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shoul d avoid all contact with LAZE. Recommendations to aid
controlling exposures to LAZE are presented in Section VIII o
this report.

n
f

KEYWORDS: Sl C9999, Vol cano, Lava, LAZE, Hydrochloric Acid, Hydrofluoric Acid,
Sul fur Di oxi de, Fibrous d ass, Gypsum
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[1. [ NTRODUCTI ON

On March 7, 1990, The National Institute for Cccupational Safety and Health
(NIOSH) received a technical assistance request fromthe Hawaii State Health
Department. The health departnent requested assistance in characterizing air
contam nants formed when |lava flow from Hawaii's Kil auea vol cano vapori zes sea
water. This interaction of lava with sea water produces |arge clouds of
visible mist (lava and sea enmi ssions - LAZE'). Island wi nd patterns (Kona

wi nds) occasionally nove this LAZE towards popul ated areas in the adjacent

vill age of Kal apana® and into the Hawaii Vol canos National Park. The

potential for both public and occupati onal exposure to the LAZE created health
concerns. On March 13-19, 1990, NICSH scientists fromthe Division of
Respiratory Di sease Studies conducted an environnental survey to characterize
the contamnants formed by the interaction of lava and sea water. To address
i medi ate health concerns, sanpling results were conmunicated to the health
departnment by tel ephone as individual |aboratory anal yses were conpleted. On
June 7, 1990, an interimenvironnental report was conpl et ed.

1. BACKGROUND

The Hawai i an Archi pel ago stretches for 1500 miles across the north centra
Pacific Ccean. The eight major islands of the archipelago are: N ihau

Kauai, Oahu, Ml okai, Lanai, Kahool awe, Maui, and Hawaii (figure 1). These
islands are the tops of a large nountain range built up over 15,000 feet from
the ocean floor by nunerous volcanic eruptions and |ava flows. The vol canic
activity that formed these islands is believed to have started at the

nort hwest end of the Hawaiian Archipelago and shifted progressively to the
sout heastern island, Hawaii. Theory suggests that these vol canos?® (and

i slands) are forned as the earth's pacific plate noves across a fixed hot spot
(or hole) in the earth's mantle during the northwest plate drift (»2%,

Hawai i, the southern nost island of the Hawaiian archipelago, is the youngest
i sland and has the nost volcanic activity. Known as the "Big Island,” Hawaii
has an area of 4,030 square niles (approximately the size of Connecticut).

The island was formed by lava flows fromfive vol canos: Kohal a, Hual al ai
Mauna Kea, Mauna Loa, and Kilauea (figure 2). Mauna Loa and Kil auea, the two
sout hernnmost vol canos, are considered active and anong the nost active

vol canos in the world. Kilauea is presently the npst active Hawaiian vol cano.
In January 1983, Kilauea began the | ongest sustained eruption of any Hawaii an
vol cano in recorded time and this eruption is still in progress®?.

Mol ten rock fromvol canic eruptions is a conplex solution of silicates and
oxi des associated with water vapor and possibly other gases. Lavas can vary
in conposition.

Hawai i an | avas have a | ower silica content and are rich in iron, nmagnesium
and cal ci um as indicated bel ow (Y

1 The term LAZE was used by Hawaii Civil Defense and Hawaii Health Depart ment
personnel to describe the mist formed by the interaction of lava and sea water.
2 The village of Kal apana was destroyed by lava flows during the sumrer/fall of 1990.

® A volcano is an opening in the earth's crust from which
nmol ten rock and gases are rel eased.
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AVERAGE CHEM CAL COWVPCSI TI ON OF LAVA

xi de Per cent ages
Hawai i an M.
Vol canoes St. Hel ens Vol cano
Washi ngton State, USA
Silicon D oxide 48. 4 63.5
Al um num Oxi de 13.2 17.6
Iron Oxides 11.2 4.2
Magnesi um Oxi de 9.7 2.0
Cal ci um Oxi de 10. 3 5.2
Sodi um Oxi de 2.4 4.6
Pot assi um Oxi de 0.6 1.3
Ti tani um Di oxi de 2.8 0.6
O her 1.4 1.0

Aivine basalt is the nost comon |ava fromrecent eruptions of Kilauea and
Mauna Loa vol canos. Hawaiian |avas are nore viscous wth a | ower gas content
resulting in gentler, |ess explosive volcanic eruptions. Hawaiian vol canos
erupt not only at their summts but also along rift zones which are heavily
fractured zones of weakness in the volcano. Lava flows from eruptions of
Hawai i an vol canos are generally of two types: Pahoehoe and Aa. Pahoehoe has
a snooth, ropey or billow surface; Aa has a very rough or junbled surface
(lava rock) but with simlar chenmi cal conposition to pahoehoe |ava (1-3).
Pahoehoe [ ava flows can al so occur on the surface or within |lava tubes beneath
the surface of lava that has cooled and crusted. |In the path to | ower coasta
areas, these Hawaiian |l ava flows often destroy vegetation, roads, or villages
scorching everything in their path. At the ocean, lava flows contribute to

t he process of island building, creating newland. The interaction of the
molten lava with ocean water can be expl osive and produce | arge clouds of
LAZE®*? .  These LAZE clouds nove in various directions depending on prevailing
wi nd patterns. Kona conditions, w nds noving fromthe southeast to the

nort hwest, can push the LAZE onto |l and and into the Hawaii Vol cano's Nationa
Par k and ot her popul ated island areas creating potential for both occupationa
and comunity exposure.

V. NMETHODS

An environnental survey was done to characterize the air contam nants formed
by the interaction of |ava and sea water. Air sanples were collected for
several environnental analytes including respirable dust, respirable
crystalline silica and other mnerals, fibers, trace netals, acids and organic
and inorgani c gases. Table 1 describes the sanpling nmethods used during the
survey.
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RDHETA 90- 200

TABLE 1 ENVI RONVENTAL SAMPLI NG METHODS

RDHETA 90- 200

Air
Anal yte Sampl er Medi a Sanmpl i ng Sanpl i ng Sanpl e
Rat e Ti me Anal yses
Respi rabl e Respirabl e Pol yvi nyl 1.7 liters 2-8 hours 1. Gavinetric
Dust and Cycl one Chl ori de per mnute 2. x-ray Diffraction
Crystalline Filter (37 m (1 pm NI OSH Met hod 7500¢%
Silica
Met al s/ Tot al M xed 2.0 I pm 2-8 hours 1. Inductively Coupled
El enent s Dust Cel I ul ose Argon Plasma, Atomc
Cassette Ester Filter (37 mm Em ssi on Spectroscopy!' &
NI OSH Met hod 7300
M neral s/ Tot al M xed Cel | ul ose 2.0 I pm 1/4-2 hours 1. Transmi ssion El ectron
Fi bers Dust Ester or Poly- M croscopy - N OSH Met hod
Cassette carbonate Filter 7402
2. Pol arized Light M croscopy
PLM (¥
3. Scanni ng El ectron M croscopy
Bul k 1. PLM
Materi al s 2. Scanning Elctron M croscopy
Cont ai ner
Hydr ocar bon Solid Charcoal and 0.05 | pm 2-8 hours 1. Gas Chromat ogr aphy®
Vapor s Sor bet Silica Cel 0.2 I pm
Tube
I norgani c Solid Silica Cel 0.2 I pm 2-8 hours 1. I ON Chromat ograph}/—
Aci ds Sor bet NI OSH Met hod 79031%
Tube
TABLE 1 ENVI RONMENTAL SAMPLI NG METHODS
RDHETA 90- 200
Alr
Anal yte Sampl er Medi a Sampl i ng Sampl i ng Sanpl e
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Rat e Ti me Anal yses
I norgani c M dget Sodi um 1.0 I pm 2-8 hours 1. 1 ON Chronat ogr aphy*®
Aci ds | mpi nger Hydr oxi de
Sol ution

M dget Dei oni zed 1.0 I pm 2-8 hours 1. I ON Chronmat ogr aPhyl

| npi nger Wt er 2. Metals | CP-AES ¥

d ass -- -- 2 hours 1. | ON Chromat ogr aphy®

Condenser 2. PH Measurenents
Gases Direct -- 5 mnutes 1. Colornetric - Length of
(i norganic) Readi ng Stain in sanple tube

I ndi cat or Tubes
Anmoni a
Car bon Di oxi de
Carbon Disul fide
Car bon Monoxi de
Chl ori ne
Hydrochl oric Acid
Hydrof luoric Acid
Hydrogen Sul fide
Ni t rogen Di oxi de
Sul furic Acid
Sul fur D oxi de

proportional to air
concentration of
contaminant. A direct

measur e. (®

T Sanpling anal ytical methods for inorganic acids were sel ected based on conversations with chenists from

Nl OSH s Division of Physical Sciences and Engi neering and the United States Environnental

Protection Agency.
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Area sanpling stations were used to neasure the air contani nants forned by the
| ava and sea water. The follow ng sanpling |ocations were sel ected based on
conversation with Hawaii State Health Departnent and Hawaii G vil Defense
Personnel (Figure 3):

1. Beach areas - sanpling stations positioned in the visible clouds
of LAZE at distances from 10 to 400 yards fromthe |aval/sea
wat er source

Roadbl ock - sanpling station positioned on H ghway 130

roadbl ock west of Kal apana, Hawaii. This station was positioned
at one of the closest points of public access to the LAZE
formation.

3. Kal apana, Hawaii' - 2 sanpling stations

A. Papaya Plant - Near the intersection of highway 130 and
hi ghway 137.

B. Village Residence - On highway 130 approximately 1/2
mle east of the tourist roadbl ock.

4, Background - sanpling station |located at the fire station in
Keaau, Hawaii near the intersection of highways 130 and 11

5. Hawai i Vol cano's National Park - Two sanpling stations positioned
approximately 2.5 and 4.5 nmiles doww nd fromthe LAZE origin.

The sanpling design called for the collection of air sanples during Kona wi nd
condi ti ons when the LAZE was directed into Kal apana, H and surroundi ng areas.
(Wnd patterns during the survey did not direct the LAZE i nto Kal apana;

al t hough, on 3 of 7 schedul ed survey dates wind carried nmists directly over

| and enabling us to collect both concentrated and diluted plume sanples).
Sanpl es were collected during four days - March 13-15 and March 18, 1990.

V. EVALUATION CRITERI A

Eval uation criteria are guidelines commonly used by NICSH i nvestigators to
assess the potential health effects of occupational exposures to substances
and conditions found in the work environment. These criteria consist of
exposure | evels for substances and conditions to which nost workers can be
exposed day after day for a working lifetime wi thout adverse health effects.
Because of variation in individual susceptibility, a small percentage of

wor kers nmay experience health problens or disconfort at exposure |evels bel ow
these criteria. Consequently, it is inportant to understand that these

eval uation criteria are guidelines for occupational exposures, not absolute
limts between safe and dangerous | evel s of exposure.

Several sources of evaluation criteria exist and are comonly used by N OSH
i nvestigators to assess occupational exposures. These include:

1. The U.S. Departnent of Labor, Qccupational Safety and Health
Admi ni stration (OSHA) pernissible exposure linits (PEL's); (®

2. The Anmerican Conference of Governmental Industrial Hygienists
(ACG H Threshold Limt (Exposure) Values gTLV‘s);(”

3. NI OSH recommended exposure linits (REL's).®

! These sanpling stations were |ocated at points used by the Hawaii
State
Heal t h Departnment for airborne particul ate sanpling
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These criteria have been derived fromindustrial experience, from human and
ani mal studies, and when possible, froma conbination of the three. Due to
differences in scientific interpretation of these data, there is sone
variability in exposure reconmendations for certain substances. Additionally,
OSHA considers econonmic feasibility in establishing occupational exposure
standards; NI OSH and ACA H do not consider economic feasibility in devel opnment
of their criteria.

The exposure criteria described in this report are: Tinme-weighted average
(TWA) exposure recomendati ons averaged over the full work shift; short-term
exposure limt (STEL) reconmendations for a brief (10-15 minute) exposure
period; and ceiling levels (C) not to be exceeded for any amount of tine.
These exposure criteria and standards are comonly reported as parts
cont am nant per nillionngarts air (ppm), or milligranms of contam nant per
cubic nmeter of air (nmg/m). COccupational criteria for the air contam nants
measured during this study are presented in Table 2. (59

In addition to the occupational exposure criterial/standards of N OSH, ACA H,
and OSHA, the Environnental Protection Agency (EPA) promul gates nationa
primary and secondary anbient air quality standards for sone of the

contam nants detected during this survey; these standards are designed to
protect public health and wel fare and woul d be nore appropriate than
occupational criteria to evaluate non-occupational, comunity exposure risks.
The national primary and secondary anbient air quality standards for

particul ates are 0.15 ng/nt as a 24-hour average concentration and 0.05 ng/ n?®
as an annual arithnmetic nean.® The national prinary and secondary ambi ent
air quality standards for sulfur dioxide include:

Primry - 0.03 ppm - Annual Arithnetic Mean.
St andar d - 0.14 ppm - M ni num 24-hour concentration not to be
exceeded nore than once a year

Secondary - 0.5 ppm - 3-hour concentration not to be exceeded nore
St andar d than once a year

There are no national anbient air quality standards for hydrochloric acid,
hydrofluoric acid, or other contam nants nmeasured during the eval uation

QO her community health exposure standards suitable to gauge exposure risks for
t hose substances neasured during this evaluation were not identified.
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TABLE 2 OCCUPATI ONAL EXPOSURE CRI TERI A
RDHETA 90- 200

CONTAM NANT NI OSH (REL) ACA H (TL OSHA
( PEL)
Cal ci um No REL No TLV No PEL
Car bon Di oxi de 10, 000 ppm (TWA) 5,000 ppm (TWA) 10, 000
ppm (TWA)

30, 000 ppm ( STEL) 30, 000 ppm ( STEL) 30, 000
ppm ( STEL)
Copper 1 my/mt (TWA) 1 mg/nt (TWA) 1
mg/ Mt ( TWA)
Fi brous d ass 5 mg/ m (TWA) 10 ng/ nt (TWA) No PEL

3 flcc (TwW)?
Devel oprment

Cal ci um Sul fat e

(GQypsunm) Total Dust 10 ng/ n? 10 ng/ n? (TWA) 15
mg/ . (TWA)
Respi rabl e Dust'® 5 g/ nt No TLV 5
mg/ . (TWA)
Hydrochl oric Acid! 5 ppm (O 5 ppm (CQ) 5 ppm
(O
Hydrof l uoric Acid 3 ppm (TWA) 3 ppm
(TWA)

6 ppm (C) 3 ppm (C) 6 ppm
( STEL)
Iron Dust® 5 g/ m (TWA) 5 g/ m (TWA) 10
my/ Mt ( TWA)
Magnesi um No REL No TLV No PEL
Respi rabl e Dust No REL No TLV 5
mg/ . ( TWA)
(Particul at es Not
O herw se Regul at ed)
Sodi um No REL No TLV No PEL
( Sodi um Chl ori de)
Sul fur Di oxi de 0.5 ppm (TWA) 2 ppm (TWA) 2 ppm
(TWA)

5 ppm ( STEL) S ppm

( STEL)

TWA - Tinme-wei ghted Average, STEL - Short-term Exposure Limt, C- Ceiling
Exposure Linmt,

PPM - Parts Per MIlion Parts Air by Volume, ng/m® - MIligram Per Cubic Meter
of Air, f/cc - Fibers Per Cubic Centimeter of Air

1 - Denotes substances for which the NIOSH recommendation is derived from
NI OSH t esti mony provi ded to OSHA

2 - For fibers < 3.5 umin dianeter and > 10 umin | ength.
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Summary of Toxi col ogy

The following informati on descri bes the possible toxicol ogical effects for

wor kers exposed to the substances nonitored during this survey. These effects
are described so individuals will be fanmiliar with the symptons and
consequences of overexposure. The effects depend on factors including
cont ani nant concentration, length of exposure, activity or workl oad,

i ndi vi dual susceptibility, and synergistic or additive effects of conbined
exposur es.

Hydrogen Chl ori de

Hydrogen chloride (HCl) is a colorless gas with a pungent irritating odor.

HC dissolves in water to forn1the ‘agueous sol ution hydrochloric acid, which
can contain up to 38 percent HO. ! HA can affect the body if it is

i nhal ed, ingested, or if it cones in contact with the eyes or skin. Wen HC
is inhaled, it can cause irritation of the respiratory tract w th burning,
choki ng, and coughing. Breathing difficulties may occur which may be del ayed
in onset. HC can cause eye irritation, severe burns, and pernanent damage
with loss of sight. Skin contact with HCO can cause irritation and severe
bur ns. Repeated or prol onged exposures to HCl can cause erosion of the teeth
and skin rash. (*¢%)

HCO concentration of 100 an1or greater are considered i medi ately danger ous
tolife and health (IDLH). Hender son and Haggard report that nen exposed
to 50-100 ppm HO for 1 hour found the exposure barely tolerable; short-term
HC exposure of 35 ppm caused throat irritation. Several st udi es suggest that
exposures of 5 ppmor nore are imediately irritating. **“* The ACGE H TLV and
OSHA-PEL for HO is 5 ppmas a ceiling exposure level. " N COSH al so
reconmmends that worker exposures to HO be nmintained below a 5 ppm

ceiling. ™ Persons with inpaired pul nonary functions may be at increased
risk fromHCO exposure at or bel ow existing occupational standards. (*

Hydrogen Fl uori de

Hydrogen Fluoride (HF) is a colorless gas at tenperatures above 67 °F (the HF
boiling point) and a fuming liquid at [ower tenperatures. *® \Wen HF is
dissolved in water it forns an aqueous sol ution, hydrofluoric acid, which can
contain 60% HF. Conmercially prepared |iquid solution can contain 100% HF. (*?
HF can affect the body if it is inhaled, ingested, or if it cones in contact
with the eyes or skin. Wen HF is inhaled, it can cause severe respiratory
irritation, inflammtion, and congestion of the |lungs at hi gher exposures.
Breathing difficulties may not occur until some hours after exposure has
ended. HF can cause irritation, deep-seated burns of the eye and eye |ids,
and severe skin burns. HF is also a severe irritant to the nose and throat.
Acut e overexposures to HF can al so cause kidney and |iver damage.

Fatalities are reported anong workers exposed to concentrated HF sol ution
during spills; death was from pul nonary edema occurring 2 to 3 hours after
exposure. An HF concentration of 300 ppmwas fatal to rabbits and gui nea pigs
exposed for 2 hours. |In hunmans, 120 ppm was the hi ghest concentration that
could be tolerated for 1 mnute due to the onset of conjunctual and
respiratory irritation. HF at concentration of 30 ppmor greater is
considered IDLH  Repeated exposure to HF at 17 ppm caused |lung, liver, and
ki dney danmage to | aboratory animals. Repeated human exposure to 2 ppm HF for
6 hours daily caused stinging of the eyes skin and face with nasal irritation
Burns do not manifest inmmediately on skin contact with HF solutions of |ess
than 50% HF; burns from anhydrous HF sol ution exceeding 50% are felt in a
matter of3n1nutes and can cause necrosis of deep tissue and danmage to the
bone.

The OSHA- PEL for HF is 3 ppmas a TWA with a 6 ppm STEL. ‘® ACG H recommends
a ceiling TLV of 3 an1for HF to guard against primary irritant effects and
m nimze fluorosis. The NIOSH REL for HF is 3 ppmas a TWA and 6 ppm as an
exposure ceiling. This REL is based on irritation of the eyes, skin, and
respiratory tract, and potential increase in bone density due to skeleta
fluorosis.
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Fi brous d ass

G ass fibers are elongated particles with an aspect ratio (length divided by
wi dth) of 3 or longer. These fibers are generally conprised of borosilicate
or calico-alumnumsilica glass. An inportant physical characteristic of
glass fibers is that, in contrast to asbestos, they cannot fracture
longitudinally into finer fibrils and are subject to transverse fracture to
fibers of shorter length with the original dianeter naintained. *** The

di aneter of glass fibers is a significant characteristic determ ning physica
properties, commercial applications, and behavior in an air stream { ass
fibers with dianeter Iess than 3.5 umcan penetrate to the gas exchange region
of the lung with maxi mum al veol ar deposition in 2 umdianeter fibers. d ass
fibers with dianeters larger then 3.5 umare prinmarily deposited in the
nasopharynx, trachea, and bronchi. (*®

Fi brous gl ass exposure can cause a nmechanical transitory skin irritation with
synmptons of itching or prickling especially in skin folds. Exposure to gl ass
fibers can also be irritating to the eyes and respiratory tract. ‘1% 7np

di fferent dinmensions, fibrous glass can cause varying biol ogical effects.
Large dianmeter fibers (>3.5 um have been found to cause skin, eye, and upper
respiratory tract irritation; a relatively low frequency of fibrotic changes;
and a very slight indication of nonmalignant respiratory disease. Snaller

di ameter fibrous glass (<3.5 un) is capable of penetrating to gas exchange
regions of the lung; experinental studies have denonstrated fibrogenic and
carcinogenic effects with long (>10 umlength) and thin (<1 um diameter)
fibers. However, these studies were perforned by inplanting fibrous glass in
the pleural or peritoneal cavities and biological effects fromthis exposure
route are difficult to interpret since they cannot be extrapolated to
conditions of human exposure. (' The ACGH TLV for fibrous glass is 10
mg/ M as a TWA and based on nuisance dust criteria. Although, the health
effects of fibrous glass is currently under study by ACAH 7 The OSHA
standard for fibrous glass is in devel opment at the witing of this report. (®
The NIOSH REL for fibrous glass is 5 ng/n’ as a TWAwith a 3 fiber/cc limt on
fibers with dianeters less than or equal to 3.5 umand | engths greater than or
equal to 10 um This REL is based on increased health concern of fibrosis and
respiratory tract irritation in longer, small dianeter fibers. (*

Gypsum

Gypsum or hydrated cal cium sul fate (CaSO,.2H,0 is rarely found pure and
deposits may contain quartz, pyrites, carbonates, and bitum nous material s.
Gypsum occurs in nature in five varieties: gypsumrock; gypsite (an inpure
earthy form; alabaster (a massive, fine-grained variety); satin spas (a
fibrous, silky form; and selenite (transparent crystals) (**?

Gypsum dust has an irritant action on the nucous nmenbrane of the respiratory
tract and there have been reports of conjunctivitis, chronic rhinitis,
laryngitis, pharyngitis, inpaired sense of snell and taste, and nose bl eeds
anmong exposed workers. (! ° Sone studi es suggest that prol onged exposure to
gypsum dust is associated with pneunoconi osis and decrenents in pul nonary
function. ™ Al though, other sources state that animal studies using pure
gypsum failed to produce lung fibrosis. (?

The ACA H considers gypsumto be a nuisance particulate (of a | ow order of
toxicity) which causes no lung disease. The ACG@H TLV for gypsumis 10 ng/m
as a TWA. ("'  The OSHA-PEL for total gypsumdust in air is 15 ng/m® as a TWA
and for respirable dust 5 nmg/n? as a TWA. ‘® The NIOSH REL for total gypsum
dust in air is 10 ng/n? as a TWA and for respirable dust 5 ng/n® as a TWA (*

3

Sul fur D oxi de:

Sul fur dioxide (SO, is a colorless, water-soluble gas fornmed when sul fur
containing materials are burned. Sulfur dioxide is a severe irritant of the
eyes, mucous nenbranes, and skin. [Its irritant properties are due to the
rapidity with which it forms sul furous acid (H,SQ,). ' This reaction can
occur on the nucous nmenbranes lining the respiratory tract causing inmediate
irritation and constriction of respiratory air passages. Inhalation of |arge
anounts of SQ, can result in death from asphyxia.® ~SQ, concentrations of 100
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ppm or higher are considered |DLH  Exposure to concentrations of 10 to 50 ppm
for 5 to 15 mnutes causes irritation of the eyes, nose, and throat; coughing,
choking, and in sone instances broncho-constriction with increased pul nonary
resistance. In a human exposure study, subjects exposed to 13 ppm SO,
suffered a 73% increase in resistance to pulmnary flow, 1 ppn1produced no
effects. ™ Although, there is varying sensitivity anmong different

i ndi vidual s to the broncho-constricting effects of SO,. Bronchial asthnma has
al so been attributed to acute SO, exposures. Wrkers repeatedly exposed to 10
ppm experienced upper resplratory tract irritation and sone nose bl eeds, but
the synptons did not occur at 5 ppm (! SQ, and other anbient air pollutants
can contribute to or aggravate other respiratory health problens including
chronic bronchitis, enphysema, |ung cancer or other nonspecific upper
respiratory tract disease

Anong occupational exposure crlterla the ACA H TLV and OSHA-PEL for SO, are 2
ppmas a TWA and 5 ppmas a STEL. (*® The NIOSH-REL for SO, is 0.5 ppmas a
TWA ("' The EPA primary anbient air quality standards for SO, i nclude 0.03
ppm as an annual arithnetic nean and 0.14 ppmas a m ni mum 2-4 hour
concentration not to be exceeded nore than once a year. The EPA secondary
standard for SO,, a 3 hour concentration not to be exceeded nore than once a
year, is 0.5 ppm (¥

VI. RESULTS/ DI SCUSSI ON

The objective of this evaluation was the characterization of air contam nants
formed when | ava from Hawaii's Kilauea Vol cano vaporizes sea water. This

i nformati on was needed to address the potential exposure hazards for workers
and area residents periodically exposed to the LAZE during KONA wi nd patterns.
Ki |l auea, since 1983, is in the |ongest sustained eruption in recorded tine,

al t hough, volcanic activity has been variable in termof both lava fl ow and
flow direction. The lava flows observed during our survey were primarily
tubular with sone areas of active surface flows. The interaction of |ava and
sea water produced nassive clouds of fine mst. The direction of novenment and
t he shape of these mist plumes were largely a function of island w nd
patterns. On March 13, 14, and 18, 1990, winds fromthe south and east were
sufficient to nove the LAZE over |and and permit the collection of air sanples
fromthe beach front sanmpling stations. Sanpling efforts were conplicated by
difficult terrain and active lava flows; although we were successful in
collecting sanples directly in the LAZE plune at varying distances fromthe
poi nt of lava/sea water interaction. |Island wind patterns did not direct the
LAZE into the village of Kal apana during our survey; consequently, the air
sanmpl es collected fromthe sanpling stations in and around Kal apana refl ect
background, anbi ent concentrations.

To aid in the characterization of the LAZE, a 6.4 mlliliter (m) sanple of
condensate was collected in dense clouds of LAZE approxinmately 10-12 yards
fromits origin. This liquid had a pH of approxinmately 1.3 which is

consi stent with pH readi ngs obtained by placing strips of pH paper directly in
the clouds of mst. The condensate sanple, analyzed for inorganic acids by

i on chronat ography, contai ned Hydrochloric aC|d (11 ng); Hydrofluoric acid
(0.25 ng), and sulfate anion - SO, (0.8 ng)*. COher anions (bromde, nitrate,
and phosphate) were not detected |n this sanple. There was insufficient

vol une of condensate for trace metal analysis or any additional anal yses.
These neasurenents show that the LAZE is highly acidic, with the acidity being
mai nly a function of HC content. These findings are consistent with research
data fromthe U S. Geol ogi cal Survey indicating that HOJ can be fornmed by the
st eam hydrol ysis of magnesi um chloride salts precipitated when sea water is

'Anal ysis by ion chromatography and ion pair chromatography failed to
give a clear separation of sulfate and perchlorate. Thus, the presence of
perchl oric anion can neither be confirmed nor rejected in this
condensate sanple. Consequently, a portion of the sulfate results may

partially represent perchloric anion response. Indicator tube
sanpl es (H,S0,) and m ner al ogi cal anal ysis suggest that sulfate ion in
this sanple may have been present as a nmineral conmplex sinmilar to gypsum

and not as sulfuric acid (H,S0,) .
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evaporated to dryness by nolten |ava. ?*2?

Ti me-wei ght ed average (TWA) air sanples were collected to nmeasure inorganic
acid concentrations using several sanpling nethods including: Silica ge
sorbent tubes, nidget inpingers containing NaOH, and midget i npingers
containing deionized, distilled water. HC was the predon nant inorganic
acid in air. The average HCO concentration fromthe 2 inpinger sanples

coll ected at each sanpling |ocation ranged from bel ow detectable limts (ND)
to 10 ppm (Table 3).

These HCl concentrations are based on total O anion per sanple. (The ion

chr omat ogr aph can not distinguish a chloride anion derived fromHO froma
chloride anion fromocean salts). To estimate the chloride anion potentially
consuned as ocean salt, each distilled water inpinger sanple was anal yzed for
netal s conmonly bound as chloride salts. Concentration adjustnents for

chl oride anion potentially bound as salts of calcium nagnesium or sodi um rmay
have reduced HCl concentration to an estinmated 87 percent of reported
concentration in inpinger sanples collected in concentrated LAZE pl une near
origin and to 36 percent of reported concentration in | ess dense LAZE pl unes
approxi mately 400 yards fromorigin. (Table 3 and Appendix A). The HC
concentrations neasured using the silica gel sorbent tubes were in agreenent
with the inpinger results. Average HCO concentrations fromthe two sorbent
tubes collected at each area sanpling station ranged fromND to 8.8 ppm (Tabl e
4).

HC concentrations were the highest in those sanpling stations positioned
directly in the LAZE plune near the point of origin. The 8 TWA sanpl es

(i nmpi ngers and sorbent tubes) collected in dense msts within approximately 12
yards of a tubular LAZE source on March 14, 1990 had a nmean concentration of
7.1 ppmwith a standard deviation (SD) of 2.9. Four direct reading indicator
tube sanples collected at this sane |ocation had an average concentration of
6.4 ppm As indicated in Figure 4, HO concentrations declined with distance
fromthe source. At approximtely 100 yards, the average, TWA HC
concentrations froma8 sanples was 0.69 ppmwith a SD of 0.51. The nine direct
reading indicator tubes collected at this distance had an average
concentration of 0.33 ppm Four TWA sanples collected at approxi mately 400
yards fromthe LAZE source on March 18th had an average concentration of 0.39
ppmwith a SD of 0.11. The three indicator tubes collected at this distance
had an average concentration of 0.4 ppm Sanples collected within the LAZE

pl ume at distances of approximately 2.5 and 4.5 niles fromorigin were bel ow
quantifiable limts for HO. HO concentration fromother |ocations outside
of the direct LAZE plume were generally bel ow detectable limts and a
reflection of anbient or background conditions.

HC concentrations nmeasured in the dense LAZE plune within 12 yards of the
source were in excess of the occupational exposure standard enforced by OSHA
5 ppmas a ceiling level. These area HC concentration al so exceeded N CSH
and ACA H occupati onal exposure recommendations, (also 5 ppmas a ceiling
exposure val ue).

The inpinger and silica gel sorbent tubes were also analyzed for anions of

ot her i norganic acids including bromde , fluoride, nitrate, perchloric,
phosphate, and sulfate. O these, fluoride, nitrate, perchloric!, and sulfate
were identified in some sanples collected fromthe sanpling stations within
the plunme. Nitric and perchloric acids were bel ow quantifiable levels in all
sanpl es. Hydrofluoric acid (HF) was detected in 9 of 20 sanples, fromthe
beach sanpling stations.

Four of the sanples had quantifiable HF concentrations. The highest HF
concentration 0.99 ppmwas neasured in a dense plunme on March 14, 1990.

Fl uori de anion was al so detected at quantifiable levels in four sanples
collected fromsanpling stations |ocated outside of the plune. The highest
concentration, 0.19 ppmHF, was collected at the roadbl ock sanpling station
The presence of fluoride anion in these background ambi ent sanples nmay be
attributed to vent gas em ssions fromKilauea. None of the area HF
concentrati ons exceeded the personal exposure standards/criteria of OSHA

ACG H or NICSH (3 ppmas a TWY); al though HF exposures woul d have an additive
health effect in combination with HJ exposures. (*Y

Sul fate anion (SO,) was detected in 14 of 20 sanples fromthe beach sanpling
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stations with concentrations ranging to 1 mg/n®. It is unlikely that this
ani on was present as sulfuric acid (H,SO,) since indicator tube sanples for

" perchloric acid was identified in the silica gel sorbent tubes.
Laboratory anal yses were unable to resolve the perchloric anion from
the sulfate ion in the condensate and inpi nger sanples.

sul furic acid, collected in dense LAZE mi st, were below detectable limts. A
nore probabl e source of the SO, in these sanples is a mineral, simlar to
gypsum (CaSQ,. 2H,0, that was identified in many airborne sanples by

transm ssion el ectron nicroscopy anal ysis.

Direct reading indicator tube sanples, taken to evaluate potential presence of
a nunber of chemical substances in the LAZE, were bel ow detectable |levels for
ammoni a, carbon disul fide, carbon nonoxi de, chlorine, hydrofluoric acid,
hydrogen sul fide, nitrogen dioxide, sulfuric acid. Car bon di oxi de,

hydrochl oric acid, and sul fur dioxide were neasured at detectable |evels.
(Table 5) HC concentrations were discussed in previous report section. The
two carbon di oxi de neasurenents, 400 and 450 ppm were close to expected
anbient levels. Sulfur dioxide was detected in one of four short-term sanpl es
at a concentration of 1.5 ppm This sanple was bel ow the OSHA- PEL and ACA H
TLV (5ppm as a STEL), but high by conparison to the NNOSH REL, 0.5 ppmas a
TWA, and denonstrates potential for periodic SO, exposures in areas of

vol canic activity/lava fl ow.

Vol atil e organi c compounds were not detected in any of the thirteen high

vol ume charcoal and silica gel tube sanples analyzed qualitatively.
Consequently, the additional |ow volune sanples collected during this survey
were not anal yzed quantitatively. This sanpling was done to assess potenti al
for volitization of carbonaceous naterials on land or at sea by lava fl ows.

Respirabl e dust and crystalline silica results are presented in Table 6.

Respi rabl e dust concentrations ranged from bel ow detectable levels (LOD = 0.0l
mg/ M) to a high of 1.3 my/nf. The 5 sanples collected from beach sanpling
stations, within the LAZE plune, had an average concentration of 0.5 ng/m
with a SD of 0.48. Respirable dust concentrations from ot her sanpling
stations out of the plume were bel ow 0.03 ng/m® and refl ect ambient or
background conditions. Crystalline silica (alpha-quartz, cristolite, or
tridymte) was not detected in any of the sanples. The linit detection for
crystalline silica is 0.015 ng/sanple or approximately 0.03 ng/m® given the
average vol une sanpl ed

Table 7 presents trace netal sanpling results fromfilter sanples collected in
an open face cassette. Calcium copper, iron, magnesium sodium and zinc
were detected in these sanples.' Metal concentrations were highest in the
beach sanpling stations positioned in the LAZE plune. Sodi um and nmagnesi um
were the nost abundant netals. Sodiumwas detected in each sanple collected
fromthe beach sanpling stations at concentrations ranging fromo0.03 mg/m® to
1.0 mg/nf. Magnesiumwas detected in 4 of the 5 sanples fromthis area at
concentrations ranging fromND (<0.003 ng/n?) to 0.13 ng/nt. Sodi um and
magnesi um salts conprise over 90 percent of the total ocean salts (by weight)
and their presence is consistent with particulate formed from

boi | ed/ evaporated sea water. ‘* Exposures to sodium magnesium and the
other nmetals identified in these sanples were well bel ow existing occupationa
exposure standards/criteria of OSHA, ACGH, and NI OSH. (Table 2)
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The nature of the particulate forned by the interaction of |ava and sea water
was evaluated in several ways. By visual observation of LAZE pl unes,
particulate fall-out could be observed on occasion. These particles, thin
sheets or flakes neasuring up to approximately 10 cmin dianeter, have been
recently described as LIMJ O PEL or Pele's seaweed. ?

They are conprised |largely of anorphous silicon dioxide. (Figure 5) This
material, as well as fibrous glass particles, could be observed in the
crevices of lava near the ocean. The aerosolization of this anorphous gl ass
results fromthe explosive interaction of |ava and sea water

M croscopic analysis of air sanples collected on filter nedia or by suspendi ng
a microscope slide directly in the LAZE plune, showed a predoni nance of cubic
crystals. (Figure 6) Further observation of these particles by polarized
light mcroscopy indicated that they were isotropic which suggests Nad .
Confirmati on was obtai ned by scanning el ectron m croscopy with x-ray anal ysis.



Page 4 ~ l!e:éslth Hazard Evaluation Report RDHETA 90-200

FIGURE 1. ‘" THE HAWAHAN ARCHIPELAGO
RDHETA 90-200 -
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FIGURE 2. VOLCANOES OF HAWAII
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FIGURE 3. -SAMPLING LOCATIONS
RDHETA 90-200
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FIGURE 4. CONCENTRATIONS OF HCI IN AIR
CONCENTRATION DECAY WITH DISTANCE
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FIGURE 5 g

PHOTOMICROGRAPH OF GROUND BULK SAMPLE UNDER
BRIGHTFIELD ILLUMINATION SHOWING GLASS FRAGMENTS

(CIRCLE #2= 10 MICROMETERS)

! In addition to this trace metsl analysis, the distilled water
impinger samples were also analyzed for trace metals to estimate
chloride salt content of each sample.

‘2 Pele 13 described in local Hawaiian religion as the goddess of island

volcanoes.
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FIGURE 6

PHOTOMICROGRAPH OF AIR SAMPLE UNDER BRIGHTFIELD
ILLUMINATION SHOWING CUBIC CRYSTALS

(CIRCLE #7= 10 MICROMETERS)

"FIGURE 7

' PHOTOMICROGRAPH OF AIR SAMPLE UNDER DIFFERENTIAL
INTERFERENCE CONTRAST ILLUMINATION SHOWING GLASS FIBERS

(CIRCLE #7= 10 MICROMETERS)

o



LIMIT OF DETECTION

Hy0

2 mg/sample or approximately 0.04 ppm.
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TABLE 3 HYDROCHLORIC ACID CONCENTRATIONS IN AIR
IMPINGER SAMPLING METHODS
RDHETA 90-200 |
. HMC1 = CONCENTRATION IN PPM " CHLORIDE AVERAGE
: ) o PROXIMITY TO ° SAMPLING ‘NaOM HO SALT CONCENTRATION
LOCATION! DATR LAZE PLUME TINE (hours) IMPINGER IMNPINGER ADJUSTMENT? " HCY (PPM)?
BEACH STATION 1 3/13/90 In Plume ~ 100 yards 2.5 0.74 0.2 0 0.5 (0.2%)
BEACH STATION 1 3/14/90 In Plume - 12 yards 3.6 5.6 5.3 (4.6) 86,78 3.4 (4.7)
from source
BEACH STATION 2 3/14/90 In Plume = 10 yards 2.3 12 8.1 (7.0) 86.4% 10 (B.6)
from source
ROADBLOCK 3/14/90 Out of Plume 5.6 ND 0.02 (ND) 0 0.01 (0)
KEAAU FIRE STATION 3/14/90 Out o!f Plume 7.3 0.02 voID (-) - 0.02 (=)
ROADBLOCK 3/15/90 Out of Plume 6.7 ND voIp (-) - ¥ (-)
Coe ]
KALAPANA : ii
RESIDENCE /15790 Out of Mume 1.0 ND 0.06 (ND} 0 0.03 (O
BEACH STATION 1 3/718/90 In Plume = 100 yards 4,3 1.6 0.2 (ND) 0 0.9 (0.7}
from source ‘ '
BEACH STATION 2 3/18/90 In Plume « 400 yards 6.1 0.45 0.42 (0.15) k11 0.43 (0,15)
fron source
HAWAII VOLCANOS 3/18/90 In Plume - ‘ 5.8 ND voIb - ND
PARX 2.5 miles from source \}
g
HAWAI1 VOLCANOS 3/18/90 In Plume = ' 5.8 voip LoQ 0 LoQ
PARK 4.5 pl.lu from source
LIMIT OF QUANTITATION NaOH IMPINGER 20 mg/sample or approximately 0.04 ppm,
H,0 IMPINCER S mg/sample or approximatsly 0.01 ppa.
NaOH & mg/sanple or approximately 0.01 ppm.



TABLE 3 HYDROCHLORIC ACID CONCENTRATIONS IN AIR
DIFINGER SANPLING METWODS (COTIORD)

RDHETA 90-200

Ppm = Parts per million parts air; ND - Below the limit of detection: 10Q - Datectable concentratiens but below the linit of quantitation;
NaOH -~ Sodium Hydroxide impinger media; H,0 ~ Distilled wltot.tppln;nr‘nudta.

1 H&ﬁroehlorfe acid (HC1) Concentrations reported hers are bassd on total chloride fon per sample; adjustment for the chloride balieved to bs
present as salts of sodium, magnesium, and calcium reduced the HCl concentrations as estimated by the concantrations reported in { ).

3 The chloride salt adjustment {s the percent HCl in the alr sanple after adjustments for chloride salts. This valua vas calculated based on
metals analysis (sodium, magnesium, and caleium) in che impinger samples collscted using distilled water media, Sae appendix 1 for mora detail,

: Coﬁclnerlelonl of the NaOH impinger and 4,0 impinger are averaged for each sampling station. The LOD and LOQ concentrations ware used to
calculate the average concentrations for sample valuss below the LOD or Letween the LOD and LOQ,

4 See Methods Section and Figure 4 for more detatl on sanpling locations.

o Yo
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LOCATION
_ BEACH STATION 1
© KALAPANA = PAPAYA

PLANT
BEACH STATION 1

BEACH STATION 2

ROADBLOCK
" KEAAV FIRE STATION

"ROADBLOCK

KALAPANA
RESIDENCE

FALAPANA = PAPAYA
PLANT

BEACH STATION 1
BEACH STATION 2

HAWAIL VOLCANOS
PARXS

HAWALI VOLCANOS
PARK

PATE

3/13/90
3/13/90
3/14/90
3/14/90

3/14/90
3/14/90
3/13/90

3/15/9¢

3/15/90
3/18/90

3/18/90
3/18/%0

3/18/90

TABLE & HYDROCHLORIC ACID CONCENTRATIONS IN AIR
NIOSH METHOD 7903 - SOLID SORBET TUBE SAMPLES

PROXIMITY TO
LAZR PLUME -

In Plume = 100 yards
from source

~Out of Plume

In Plume - 12 yards
from sourcs

In Flume - 10 yards
from source

out of Flume
out ef Plume

Out of Plume

Out of Plume

Out of Plume

In Flume - 100 yards
from source

In Plume - 400 yards
from source

In Plume -
2.% miles from source

In Plume -

4.5 = miles from source

RDHETA 90-200
SAMPLING
TIME (HOURS)
2.3

5.1

3¢

2.}

5.6
1.3
6.7

7.0

7.3
4.3

6.1

5.8

5.8

SAMPLING CONCENTRATION 1N PPN
ANPLE

SAMILE

"l

1

9.1

LoQ
Np

ND

LoQ

ND
1.12

ND

»2

Loq

NT

8.4

ND
LoQ
ND

ND

NT
0.41

0.47

AVERAGE CONCENTRATION
N e} '
0.6

ND

4.1

ND
Q.76

ND

ay & »



-y Sy

Page 30
TABLE 4 HYDROCHLORIC ACID CONCENTRATIONS IM AIR
NIOSH METHOD 7903 - SOLID SORBET TUBE SAMPLRS {CONTINUED)
..... anA 90‘200 SN
LIMIT OF QUANTITATION (LOQ) 21 ng/eanpls or approximately 0,23 ppm
LIMIT OF DETECTION (LOD) S 7 ng/sanple  or approxinacely 0.08 ppnm

PPM - PARTS PER MILLION PARTS AIR BY VOLUME; NT - SAMPLE WAS NOT TAKEN; ND - BELOW THE DETECTION LIMIT: 10Q ~ DETECTABLE CONCENTRATION BUT BELOW

THE LIMIT OF QUANTIFICATICN,

! HC1 CONCENTRATIONS WERE CALCULATED FOR BACH OF TWO SIDE-BY-SIDE SAMPLES ASSUMING ALL CHLORIDE IN EACH SAMPLE WAS PRESENT AS HC1. 1IT IS
POSSIBLE THAT SOME OF THE CHLORIDE IN THESE SAMPLES WAS PRESENT AS SALTS OF SODIUM, MAGNESIUM, AND CALCIUN.

! SER METHODS SECTION AND FIGURE 4 FOR MORE DETAIL ON SAMPLING LOCATIONS.
’ THE LOQ WAS USED TO CALCULATE THE AVERAGE CONCENTRATIONS FOR VALUES BETWEEN THE LOD AND LOQ.

SR e

rt.



-y L. Z

Page 31:

TABLE 5 SHORT-TERM ~ENPECATOR TUBE sﬂ‘tﬁ-.;yc RESULTS!

RDHETA 90-200

SUBSTANCE SAMPLES = NLOD  CONCENTRATION RANGE (PPNM)
Ammonia 3 0 KD
Carbon Dioxide 2 2 400 - 450 ppm
Carbon Disulfide 1 0 ND
Carbon Monoxide 3 0 ND
Chlorine 2 | 0 ND
Hydrochloric Acid 22 14 ND to 7 ppm
Hydrofluoric Acid 3 0 ND
Hydrogen Sulfide 2 0 ND
Nitrogen Dioxide 2 0 ND
Sulfuric Acid 2 0 ND
Sulfur Dioxide 4 1 KD to 1.5 ppm

T . e

Ppx — Parts per million parts air By volume; NLOD ~ The number of samples
above detectable limits: ND - Below analytical detection limits,

‘Ditect;teadlng sampling results from Beach samwpling locations.
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_ LOCATION?
BEACH STATION 1
BEACH STATION 1
BEACH STATION 2

ROADBLOCK
KEAAU FIRE STATION
ROADBLOCK

KALAPANA
RESIDENCE

BEACH STATION 1

BEACH STATION 2

HAWAII VOLCANOS PARK
HAWAII VOLCANOS PARK

LINIT OF DETECTION FOR RESPIRABLE DUST:

DATE

3/13/%0

3/14/90

3/14/90

3/14/90
3/14/90
3/18/90

3/18/90
3/18/90

3/18/901

3/18/90

3/18/90

TABLE § RESPIRABLE DUST CONCENTRATIONS IN AIR!

PROXINITY TO

_ LAST PLUNZ ‘
In Plume - 100 yards

from source

In Plume = 12 yards
from source

In Plume = 10 yards
from source

Out of Plume
Out of Plume

Out of Plume

Out nf Plume

In Plume = 100 yards

from source

In Plume - 400 yards

from source

In Plume = 2.5 miles

from source

In Plume =« 4.5 miles

from source

0.01 mg/SAMPLE  OR

RDHETA 90-200 |
SAMPLE CONCERTRATION
TIME (hours) (mg/n")
2.5 0.12

3.6 0.5

2.3 1.3

5.6 0.03

7.5 ND

6.7 0.03

7 0.01

4.3 0.4l

4.1 D.14

3.8 0.02

5.8 0.0}

APPROXIMATELY 0.01 mg/n* FOR A 7.5 HOUR SAMPLE

mg/n’ = MILLIGRAMS PER CUBIC METER OF AIR: ND - BELOW THE LIMIT OF DETECTION.

! ALL RESPIRABLE DUST SAMPLES WERE ANALYZED FOR CRYSTALLINE SILICA AND CONCENTRATIONS WERE BELOW DETECTABLE LIMITS:

APPROXTMATELY 0.03 mg/m® DEPENDING ON SANPLE VOILUNE.

L * SEZE METHODS SECTION AND FIGURE 4 FOR MORE DI'TAIL ON SAMPLING LOCATIONS.

0.013 mg/SAMPLE OR

b -

-y W .
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LOGATION!
BEACH STATION 1

BEACH STATION 1

BEACH STATIOR 2
0.007

ROADBLOCK

KEAAU FIRE STATION
ROADBLOCK

FKALAPANA
RESIDENCE
BEACH STATION 1
BEACH STATION 2

HAVALII VOLCANOS PARK

HAWAI1 VOLCANCS PARK

- DATE

3/13/90

3/14/90
3/14/90
3/14/90

3/16/90
3/13/%90

3/18/90
3/18/90

/187901
1/18/90

3/18/90

LIMIT OF DETECTION IN mg/SAMPLE
LIMIT OF DETECTION IN A $-HOUR SANPLE - mg/m’

Mg/M? - MILLIGRAMS PER CUBIC METER OF AIR; ND - BELOVW THE
Ca - CALCIUM, Cu = COPPER, Fa ~ IRON, Ng - MAGNESIUM, R

METALS:

TABLE 7 CONCENTRATIONS OF METALS IN AIR
MCE FILTER SAMPLES - NIOSH METHOD 7300

PROXIMITY T0
LAZE PLUME

In riunc - 100 ylfdl

from source

In Plume - 12 yards
from source

In Plume - 10 yards
from source
Out of Plume
Out of Plume

Out of Plume

Out of Plums

In Plume = 100 yards
fron‘lourcc

In Plume ~ 400 yards
from source

In Plume = 2.% niles
from source

In Pluma - 4.5 miles
from source

~ RDHETA 90-200
SAMPLE .
TIME (hours) Ca’
.5 ND
3.6 ND
2.3 0.03
5.6 ND
7.5 ND
6.7 ND
7.0 ND
4.3 ND
4.1 ND
5.8 KD
5.8 ND

0.008
0.008

LIMIT OF DETECTION; MCE-MIXED CELLULOSE ESTER.
a - SODIUM, Zn - ZINC.

! SER METHODS SECTION AND FIGURE & FOR MORE DETAIL ON SANPLING LOCATIONS.

" CONCENTRATIONS IN mg/w

ND
ND
ND

KD
ND

ND

0.001
0.002

Pe

0.00%

ND

ND
0.002

ND

ND

ND

0.001
0,002

ND
ND
ND

ND
0.0

ND

ND

0.002
0.003

0.18
0.43
1.0

0.03

0.02
ND

ND
0.27

0.03

ND
ND
ND

ND

e
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? TABLE 8 FIBER CONCENTRATIONS IN AIR!
- ZRBUETA 90-200 ==~
PROXIMITY TO
LOCATION® DATE LAZE PLUME CONGENTRATION(f/cc)? |
BEACH STATION 1 3/13/90 In Plume — 100 _ (0.004)*
Yards from Source
BEACH STATION 1 3/14/90 In Plume — 12 (0.01)*
. . Yards from Source
BEACH STATION 2 3/14/90 In Plume - 10 0.16
Yards from Source '
ROADBLOCK 3/14/90 ' Out of Plume ND
KEAAU FIRE STATION 3714790 Out of Plume XD
ROADBLOCK 3/15/90 Out of Plume ND
KALAPANA RESIDENCE  3/15/90 Out of Plume §D
BEACH STATION 1 3/18/90 In Plume - 100 (0.01)%
Yards from Source
- BEACH STATION 2 3/18/90 In Plume - 400 ND
—— : : Yards from Source
HAVAIT VOLCANOS PARK  3/18/90 In Plume - 2.5 KD
- Miles from Source
HAWAII VOLCANOS PARK  3/18/90 & In Plume - 4.5 ND

Miles from Source

f/cc - Fibers per cubic centimeter of air; ND - samples below analytical
detection limits.

! Samples were analyzed using transmission electron microscopy, NIOSH Method
7402

2 Due to low concentrations of fibers in some of the samples, air
concentrations reported are considered approximate.

3 See Methods Section and Figure 4 for more detail on sampling locations.
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APPENDIX A
*1 EPE an g
HC1 CONCENTRATION. ADJUSTMENTS FOR CHLORIDE SALT INTERFERENCE

The dissolved solids in seawater are comprised largely of chloride salts as
indicated in the table below. (¥

DISSOLVED SOLIDS IN SEAWATER AS SALTS

PARTS PER
SALT - THOUSAND (%) WEIGHT (%)

SODIUM CHLORIDE, NaCl 23.477 68.085
MAGNESIUM CHLORIDE, MgCl, - 4.981 14445
SODIUM SULFATE, Na,SO, 3.917 11.359
CALCIUM CHLORIDE, CaCl, | 1.102 3.196
POTASSIUM CHLORIDE, KCl L 0.664 1.926
SODIUM BICARBONATE, NaHCO, 0.192 0.557
POTASSIUM BROMIDE, KBr 0.096 0.278
BORIC ACID, H,BO, 0.026 0.075
STRONTIUM CHLORIDE SrcCl, . 0.024 0.070
SODIUM_FLUORIDE, NaF 0.003 0.009

TOTALS ; 34.482 100.000

Impinger and sorbent tube air samples taken during this survey to quantify HCl
concentrations were analyzed for the presence of the chloride anion (Cl-)
using ion chromatography according to NIOSH Method 7903 The ion
chromatograph cannot distinguish chloride anion derived from HC1l from the
chloride present as ocean salts. Consequently, the presence of chloride salts
in air presents a potential source of analytical interference that could '
reduce HC1 concentrations from those values calculated using total chloride.
To address this potential bias, each distilled water impinger sample was ]
snalyzed for the metals commonly bound with chlorine in ocean salts (sodium,
magnesium, and calcium). The number of moles of chloride that could be
consumed by eachi of thesé metals was subtracted from total chloride anion for
each sample. The adjusted chloride content of each impinger sample was then
used to calculate HCl concentrations with adjustment for chloride salts.

Estimates of the salt adjusted HCl concentration are reported in Table 3 of
this report.
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Airborne fibers also were detected in samples collected from the LAZE plume. Table 8 presents fiber
concentrations in air samples analyzed by TEM; these concentrations ranged from ND to 0.16 f/cc.
Airborne fibers were only detected in the samples collected from the beach sampling stations. Three
of the 4 samples with detectable fiber concentrations had low fiber densities on the filters and the
reported concentrations, 0.004 to 0.01 f/cc, should be considered approximate. Energy dispersive x-
ray analysis suggests a large portion of these fibers were comprised of calcium and sulfur with a
morphology characteristic of gypsum; although, the calcium to sulfur ratios were variable and exact
fiber identity (as gypsum) could not be verified in all instances. Some of the airborne fibers appeared
to be comprised largely of calcium. Glass fibers were also detected on some of the air samples.
Figure 7 is a photomicrograph of an air sample observed under differential interference contrast
illumination showing some of these isotropic fibers. Gypsum and fibrous glass particles could cause
irritation to the eyes, skin, and upper respiratory tract.

There are no occupational exposure standards specifically for gypsum fibers or glass particles;
although the OSHA standard for total gypsum dust is 15 mg/m as a TWA. NIOSH and ACGIH
recommend gypsum exposure be maintained below 10 mg/m?® as a TWA. Exposures to gypsum dusts
(including gypsum fibers) were well below these exposure standards. Airborne fiber concentrations
were also low by comparison to existing occupational exposure standards/criteria for fibrous glass.
NIOSH recommends a TWA exposure limit of 3 f/cc for glass fibers < 3.5 um in diameter and < 10 um
in length. ACGIH recommends a TLV limit of 10 mg/m® for fibrous glass as a TWA exposure.
Concentrations of airborne fibers (including fibrous glass) were below these occupational criteria.

VIl. CONCLUSIONS

1. The interaction of lava and sea water generated quantifiable concentrations of HCI and HF;
HCI was predominate with lesser amounts of HF. Condensate samples of LAZE were highly acidic
with a pH of 1.3. These findings are consistent with research efforts of the U.S. Geological
Survey indicating HCI can be formed by the steam hydronS|s of magnesium chloride salts
precipitated when sea water is evaporated by lava. @

Potential for exposure to inorganic acids (HCI and HF) presents the most significant health risk
from LAZE. HCI concentrations were highest in dense plumes of LAZE within approximately
12 yards of the sea. The HCI concentrations measured at those sampling locations exceeded
the 5 ppm ceiling standard and presented an occupational health hazard according to
occupational exposure criteria of OSHA, ACGIH, and NIOSH. HF concentrations were below
existing occupational exposure standards; although, HF would produce additive exposure
effects in combination with HCI.

HCI and HF concentrations decreased with distance from the source. At distances of
approximately 400 yards or greater, HCI concentrations, directly in the diluted plume, were
less than 1 ppm.

2. Sulfur dioxide (SO,) was detected in one of four short-term detector  tube samples at a
concentration of approximately 1.5 ppm. This short- term, area sample was high in comparison to
the NIOSH-REL for SO, (0.5 ppm as a TWA) and the EPA primary and secondary ambient Air
Quality Standards (pg. 17). This demonstrates the potential for intermittent or

periodic SO, exposure near areas of volcanic activity and active lava flow.

3. Short-term, detector tube samples collected in the LAZE plume were below  detectable
limits for: ammonia, carbon disulfide, carbon monoxide, chlorine, hydrofluoric acid, hydrogen
sulfide, nitrogen dioxide, and  sulfuric acid.

4. The LAZE did not contain detectable concentrations of organic gases.

5. Crystalline silica concentratlons in TWA air samples were below detectable limits, (less
than a%)roxmately 0.03 mg/m?®). This is consistent with the basaltic nature of Hawaiian

lavas.!

6. Airborne particulates in the LAZE plume were comprised largely of sodium chloride
crystals. Airborne fibers were detected at quantifiable concentrations in one of 5 samples collected
from the beach sampling stations; the fiber concentration was 0.16 f/cc. These fibers were

comprised largely of hydrated calcium sulfate similar to the mineral gypsum. Glass fibers
were also detected in some samples collected from beach sampling stations. These fiber
concentrations did not exceed the occupational exposure criteria of OSHA, ACGIH, or NIOSH for
gypsum or fibrous glass.

VIlIl. RECOMMENDATIONS
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1. Individuals should avoid exposure to the concentrated lava/sea water aerosol near its origin
to prevent overexposure to acid gases, specifically HCI.

2. Worker exposure to HCI should be maintained below a ceiling value of 5  ppm; this will likely
control any HF exposure and the potential for additive health effects. Appropriate personal
protective gear (including a chemical cartridge respirator for acid gases and eye

goggles or a full facepiece chemical cartridge respirator) is recommended in instances when
exposure to the lava/sea water aerosol, near its origin, is unavoidable. A respirator should be
selected for each worker to provide a good fit or seal; a proper fit can not be  obtained if there is
facial hair in the seal area. These respirators should be used as a part of a formal respiratory
protection program including standard operating procedures for respirator use, training, fit
testing, maintenance, and storage. The program should comply with the OSHA General Industry
Occupational Safety and Health Standards, 29 CFR 1910.134.

3. All individuals in the areas near lava/sea water interaction should be informed about
potential exposures to acid gases (HCI):

- Area workers (park or civil defense employees, etc.) should be informed about the
potential for acid gas exposure near the ocean and instructed on the potential health
risks.
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- Warning signs should be posted along nearby roads and at blockades to alert visitors
to the area about the potential for exposure to acid gases. For example:

CAUTION
MIST FROM LAVA AND SEA WATER INTERACTION
CONTAINS HYDROCHLORIC ACID AND MAY CAUSE RESPIRATORY SYMPTOMS.
YOUNG CHILDREN, THE ELDERLY, OR INDIVIDUALS WITH CARDIOPULMONARY
CONDITIONS MAY BE AT INCREASED RISK
AVOID CONTACT WITH THIS MIST

- Written warning should be given to all residents living in the areas near the lava/sea
water interaction. This warning should provide health effects information and
emphasize the increase exposure risk for young children, the elderly or individuals
with cardiopulmonary problems.

- Prudent public health education on the potential health hazards from lava/sea water
interaction should be provided for area residents, workers, and visitors on a scheduled
basis.

4, A warning siren, or other appropriate warning device, may be appropriate to alert area
residents when the lava/sea water aerosol is directed towards nearby villages by
prevailing winds. This would allow some early notice for those individuals at increased
exposure risk.

5. Short-term indicator tubes could be used by local health or civil defense personnel as
a rapid method to assess potential exposure to HCI, HF, or SO,. The indicator tube
samples for HCI were in good agreement with HCI measurements taken during this
survey by the other sampling methods. Samples should be taken to assess HCI and
HF

concentrations when the lava/sea water aerosol is directed towards
populated areas.

6. Additional environmental sampling is also recommended to better define LAZE
characteristics and exposure hazards under varying conditions of lava flow and wind
patterns.

7. The occupational exposure criteria referenced in this report are derived from

occupational health research settings and are not an appropriate tool for evaluating
community health risks. There are no community health standards to evaluate HCI
exposure risks for the general population. Community exposures to HCI certainly
should not exceed the 5 ppm ceiling standard used for occupational settings; a lower
exposure limit may be appropriate to protect public health and welfare.
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TABLE 3 HYDROCHLORIC ACID CONCENTRATIONS IN AIR
IMPINGER SAMPLING METHODS

RDHETA 90-200

HCI - CONCENTRATION IN PPM' CHLORIDE
AVERAGE
PROXIMITY TO SAMPLING NaOH H,O SALT
CONCENTRATION
LOCATION* DATE LAZE PIUME TIME (hours)
IMPINGER IMPINGER ADJUSTMENT? HCI (PPM)?
BEACH STATION 1 3/13/90 In Plume - 100 yards 2.5 0.74
0.24 0 0.5 (0.25)
BEACH STATION 1 3/14/90 In Plume - 12 yards 3.6 5.6
5.3 (4.6) 86.7% 5.4 (4.7)
from source
BEACH STATION 2 3/14/90 In Plume - 10 yards 2.3 12
8.1 (7.0) 86.4% 10 (8.6)
from source
ROADBLOCK 3/14/90 Out of Plume 5.6 ND
0.02 (ND) 0 0.01 (0)
KEAAU FIRE STATION 3/14/90 Out of Plume 7.5 0.02
VOID (-) - 0.02 (-)
ROADBLOCK 3/15/90 Out of Plume 6.7 ND
VOID (-) - ND (-)
KALAPANA
RESIDENCE 3/15/90 Out of Plume 7.0 ND
0.06 (ND) 0 0.03 (0)
BEACH STATION 1 3/18/90 In Plume - 100 yards 4.3 1.6
0.2 (ND) 0 0.9 (0.7)
from source
BEACH STATION 2 3/18/90 In Plume - 400 yards 41 0.45
0.42 (0.15) 36% 0.43 (0.15)
from source
HAWAII VOLCANOS 3/18/90 In Plume - 5.8 ND
VOID - ND
PARK 2.5 miles from source
HAWAII VOLCANOS 3/18/90 In Plume - 5.8
VOID LOQ 0 LOQ
PARK 4.5 miles from source
LIMIT OF QUANTITATION NaOH IMPINGER 20 mg/sample or
approximately 0.04 ppm.
H,O IMPINGER 5 mg/sample or

approximately 0.01 ppm.
LIMIT OF DETECTION NaOH 6 mg/sample or
approximately 0.01 ppm.

H,O 2 mg/sample or
approximately 0.04 ppm.
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TABLE 3 HYDROCHLORIC ACID CONCENTRATIONS IN AIR
IMPINGER SAMPLING METHODS (CONTINUED)

RDHETA 90-200

ppm - Parts per million parts air; ND - Below the limit of detection; LOQ - Detectable concentrations
but below the limit of quantitation; NaOH - Sodium Hydroxide impinger media; H,O - Distilled water
impinger media.

' Hydrochloric acid (HCI) Concentrations reported here are based on total chloride ion per sample;
adjustment for the chloride believed to be present as salts of sodium, magnesium, and calcium
reduced the HCI concentrations as estimated by the concentrations reported in ().

2 The chloride salt adjustment is the percent HCI in the air sample after adjustments for chloride salts.
This value was calculated based on metals analysis (sodium, magnesium, and calcium) in the
impinger samples collected using distilled water media. See appendix 1 for more detail.

® Concentrations of the NaOH impinger and H,O impinger are averaged for each sampling station.
The LOD and LOQ concentrations were used to calculate the average concentrations for sample
values below the LOD or between the LOD and LOQ.

* See Methods Section and Figure 4 for more detail on sampling locations.
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TABLE 4 HYDROCHLORIC ACID CONCENTRATIONS IN AIR
NIOSH METHOD 7903 - SOLID SORBET TUBE SAMPLES
RDHETA 90-200
SAMPLING CONCENTRATION IN PPM

LOCATION DATE PROXIMITY TO SAMPLING
SAMPLE SAMPLE AVERAGE CONCENTRATION
LAZE PLUME TIME (HOURS)
#1 #2 IN PPM?
BEACH STATION 1 3/13/90 In Plume - 100 yards 2.5
1 LOQ 0.6
from source
KALAPANA - PAPAYA 3/13/90 Out of Plume 5.1
ND NT ND
PLANT
BEACH STATION 1 3/14/90 In Plume - 12 yards 3.6
5.6 2.6 41
from source
BEACH STATION 2 3/14/90 In Plume - 10 yards 2.3
9.1 8.4 8.8
from source
ROADBLOCK 3/14/90 Out of Plume 5.6
LOQ ND LOQ
KEAAU FIRE STATION 3/14/90 Out of Plume 7.5
ND LOQ LOQ
ROADBLOCK 3/15/90 Out of Plume 6.7
ND ND ND
KALAPANA
RESIDENCE 3/15/90 Out of Plume 7.0
LOQ ND LOQ
KALAPANA - PAPAYA
PLANT 3/15/90 Out of Plume 7.3
ND NT ND
BEACH STATION 1 3/18/90 In Plume - 100 yards 4.3
1.12 0.41 0.76
from source
BEACH STATION 2 3/18/90 In Plume - 400 yards 4.1
LOQ 0.47 0.35
from source
HAWAII VOLCANOS 3/18/90 In Plume - 5.8
ND ND ND
PARKS 2.5 miles from source
HAWAII VOLCANOS 3/18/90 In Plume - 5.8
ND ND ND
PARK 4.5 - miles from source

TABLE 4 HYDROCHLORIC ACID CONCENTRATIONS IN AIR
NIOSH METHOD 7903 - SOLID SORBET TUBE SAMPLES (CONTINUED)

RDHETA 90-200

LIMIT OF QUANTITATION (LOQ) 21 mg/sample or approximately 0.23 ppm
LIMIT OF DETECTION (LOD) 7 mg/sample or approximately 0.08 ppm

PPM - PARTS PER MILLION PARTS AIR BY VOLUME; NT - SAMPLE WAS NOT TAKEN; ND -
BELOW THE DETECTION LIMIT; LOQ - DETECTABLE CONCENTRATION BUT BELOW THE LIMIT
OF QUANTIFICATION.

' HCI CONCENTRATIONS WERE CALCULATED FOR EACH OF TWO SIDE-BY-SIDE SAMPLES
ASSUMING ALL CHLORIDE IN EACH SAMPLE WAS PRESENT AS HCI. IT IS POSSIBLE = THAT
SOME OF THE CHLORIDE IN THESE SAMPLES WAS PRESENT AS SALTS OF SODIUM,
MAGNESIUM, AND CALCIUM.

2 SEE METHODS SECTION AND FIGURE 4 FOR MORE DETAIL ON SAMPLING LOCATIONS.

® THE LOQ WAS USED TO CALCULATE THE AVERAGE CONCENTRATIONS FOR VALUES
BETWEEN THE LOD AND LOQ.
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TABLE 5 SHORT-TERM INDICATOR TUBE SAMPLING RESULTS'
RDHETA 90-200

SUBSTANCE SAMPLES NLOD CONCENTRATION RANGE (PPM)
Ammonia 3 0 ND

Carbon Dioxide 2 2 400 - 450 ppm
Carbon Disulfide 1 0 ND

Carbon Monoxide 3 0 ND

Chlorine 2 0 ND
Hydrochloric Acid 22 14 ND to 7 ppm
Hydrofluoric Acid 3 0 ND

Hydrogen Sulfide 2 0 ND

Nitrogen Dioxide 2 0 ND

Sulfuric Acid 2 0 ND

Sulfur Dioxide 4 1 ND to 1.5 ppm

ppm - Parts per million parts air by volume; NLOD - The number of samples above detectable limits;
ND - Below analytical detection limits.

'Direct reading sampling results from Beach sampling locations.





